Objective: Cardiac involvement in drug rash with eosinophilia and systemic symptoms (DRESS) syndrome varies considerably between 4% and 21%. Here we present our case and review literatures for its diagnosis and management. An algorithm for diagnosis of cardiac involvement in DRESS syndrome is proposed in this article.
Introduction
Adverse drug reactions are often classified into 2 major types which are Type A and Type B reactions. Type A reactions are more common (80%) and are mediated by the known pharmacologic and toxic effects of the drug including overdose, off target activities and drug interactions. 1 These reactions are dose-related and predictable. On the other hand, type B reactions are hypersensitivity reactions which are due to stimulation of immune and inflammatory cells. They can be classified as allergic, p-i (pharmacological interaction with immune receptors) and pseudo-allergic reactions. 2, 3 Drug rash with eosinophilia and systemic symptoms (DRESS) syndrome, also called drug-induced hypersensitivity syndrome, seem to be p-i reactions and are frequently linked to certain HLA-alleles e.g. abacavir, carbamazepine or allopurinol bind to certain HLA-alleles directly and thus elicit allo-like immune reactions. 2 One could categorize DRESS as Gell and Coombs type IV or delayed-type hypersensitivity reaction, consisting of activated T cells with cytotoxic activities (type IVc) and IL-5, IL-14/IL-13 producing T cells, which results in hyper-eosinophilia (type IVb).
A retrospective analysis in Asian patients with DRESS showed that clinical presentations in Asian population did not differ from previous studies in Caucasian patients. 4 DRESS is characterized by fever, morbilliform eruption, and systemic involvements after exposure to an offending drug. Liver is the most common organ involvement. 4 Cardiac involvement was
Case
A 58-year-old male was admitted to Buddhachinaraj Hospital, Phitsanulok, Thailand due to a skin rash. He had underlying diseases of hypertension and chronic kidney disease which had been treated with amlodipine for 3 years. One month before admission, he was diagnosed with acute gouty arthritis. Colchicine 0.6 mg/day and allopurinol 100 mg/day were started for 30 days and 19 days, respectively before he developed Asian Pac J Allergy Immunol 2017; .12932/AP0847 4 described in two case series with 1/27 (4%) and 5/24 (21%) of patients. 4, 5 To draw attention to this important and potentially fatal complication of DRESS, we present an own case and review its pathogenesis, clinical manifestations, diagnosis, and treatment, emphasizing that this systemic severe drug hypersensitivity reaction requires an interdisciplinary care. Figure 1 . Chest-X-ray, electrocardiography, and echocardiography of the patient facial edema and generalized erythematous macules and papules on his trunk and extremities. On admission, he had fever (T = 38.2˚C) and hepatomegaly. His pulse rate and blood pressure were in normal limits. There was no superficial lymphadenopathy and other systems were unremarkable. Laboratory investigations revealed eosinophilia (eosinophil 14%, absolute eosinophil counts 1,109/μL) but there was no atypical lymphocytosis. Serum creatinine level did not change from baseline (baseline creatinine 2.19 mg/dl). Stool examination was also done to exclude other causes of eosinophilia which revealed no parasitic infestations. Due to a history of drug exposure, facial edema and skin rash, allopurinol induced-DRESS syndrome was suspected. He was initially treated with topical corticosteroids and antihistamine. All possible offending drugs (allopurinol and colchicine) were discontinued.
Discussion

Pathogenesis of DRESS syndrome
The pathogenesis of DRESS syndrome is only partially understood. It has been proposed to be a T cell-mediated reaction that relates to an individual with specific HLA haplotypes. There are 2 possible mechanisms that are believed to activate T cell reactions in drug allergy. First, the hapten/ prohapten hypothesis: a drug that is not chemically reactive is metabolized to be a reactive drug metabolite (a hapten) and binds covalently to a self-peptide resulting in a new composite antigen (Figure 2a) . This new peptide-hapten complex acts as antigen and binds to HLA, where it is then presented to the T cell receptor (TCR). [9] [10] [11] Second, the pharmacologic interaction hypothesis (p-i concept): a chemically inert drug can activate T-cell mediated reaction by binding directly and non-covalently to the immune receptors (i) HLA; (ii) TCR; or, rarely (iii) both HLA and TCR leading to a T cell activation, cytokine production, proliferation, and/ or cytotoxicity (Figure 2b) . 3, [9] [10] [11] The direct drug binding to the HLA molecule in p-i reactions could explain the HLA predisposition, as drug binding with relevant affinity to the protein might be restricted to certain HLA-alleles only, e.g. of abacavir to HLA-B*57:01 only. Such HLA-linked p-i reactions have been documented for abacavir, carbamazepine, dapsone, flucloxacillin and allopurinol/oxypurinol, and were found to be Two days after admission, he developed acute dyspnea (respiratory rate 28 breaths/minute), hypotension (blood pressure 90/60 mmHg), tachycardia (pulse rate 120 beats/ minute) and orthopnea but he did not have chest pain. Chest radiography indicated mild cardiomegaly with pulmonary congestion (Figure 1a) . Sinus tachycardia without ST-T change was detected by an electrocardiography (ECG) (Figure 1b ). An echocardiogram revealed generalized severe left ventricular dysfunction with left ventricular ejection fraction (LVEF) of 28% (Figure 1c) . Cardiac biomarkers showed creatinine kinase (CK)-MB of 125 U/L (normal range: 0-40 U/L), troponin-T level of 48 ng/ml (normal range: 0-14 ng/ml), and N-terminal pro-hormone of basic natriuretic peptide (NT-proBNP) of 2,230 pg/ml (normal range: NT-proBNP <125 pg/mL). Although the complete criteria of DRESS syndrome were not fulfilled, [6] [7] [8] DRESS-associated myocarditis and congestive heart failure was suspected. Systemic corticosteroid (dexamethasone) with a dose of 1 mg/kg/day was started intravenously to decrease eosinophil infiltrations in myocardial tissue. Diuretic drug (furosemide) and inotropic agent (dobutamine) were used to treat congestive heart failure. After two days of treatment, he had an improvement in his clinical conditions. Dobutamine could be discontinued and furosemide could be administered orally. After three weeks of hospitalization, he was discharged with a prednisolone dosage of 40 mg/d. for 2 weeks. On day 35 th of steroid treatment, he was followed at the cardiac outpatient clinic of Buddhachinaraj Hospital. There were no signs and symptoms in the flare-up of skin and cardiac conditions. Then, prednisolone was decreased gradually by 10 mg/month for 3 months (30 mg/d for 1 month, 20 mg/d for 1 month, and 10 mg/d for 1 month). The patient remained stable during a follow-up period at cardiac outpatient clinic. Prednisolone was stopped after 5 months of its initiation. An echocardiogram at month 6 th revealed an improvement in LV function with a LVEF of 52%. 
Pathogenesis of cardiac damage in DRESS syndrome
An immune alteration and production of cytokines such as granulocyte macrophage colony-stimulating factor, interleukin (IL)-13 and IL-5 in DRESS syndrome (type IVb) stimulate eosinophil production. 12, 13 The degree of cardiac damage is associated with the duration of eosinophilia, the degree of eosinophilia (particularly > 5,000 /mm 3 ), and eosinophil activation.
14 However, why the eosinophils home to the cardiac tissue is unknown.
Eosinophilic cytoplasm contains specific and non-specific eosinophilic granules. Specific eosinophilic granules (cationic proteins) such as major basic protein, eosinophil cationic protein, eosinophil-derived neurotoxin, and eosinophil peroxidase are cardio-toxic agents. 15 These cardio-toxic agents, especially major basic protein and eosinophil cationic protein, can cause platelet activation, impairment of anticoagulant effects, and endothelial cell damage. 15, 16 First, the infiltration of eosinophils in myocardial tissue change normal myocardial function. The degranulation of eosinophils within the myocardium leads to cell necrosis and apoptosis. Thrombus formation is developed later due to the binding of cationic proteins of eosinophils to the anion-binding exosite of thrombomodulin. 13 The final stage is fibrotic scarring of cardiac endothelium and valves resulting in a non-compliant ventricle.
14,17
Cardiac biopsies may reveal an inflammatory cell infiltrate, which is dominated by eosinophils and lymphocytes, like in DRESS associated hepatitis. 18, 19 Thus, cytotoxic T cells may contribute to damage of cardiac tissue directly.
Clinical features
Prodromal symptoms of DRESS such as pruritus and fever may precede cutaneous eruptions by several days. 20 Cutaneous manifestations can be various and usually occur between 2 and 6 weeks after the first exposure to the culprit drug. 20 However, a diffuse morbilliform rash which is the most common presentation and initially presents on the face, upper aspect of the trunk, and upper extremities, is characteristic. 20 Prominent facial edema especially in the periorbital and midfacial areas mimicking angioedema can be found. The diagnosis of DRESS syndrome depends on a history of drug use, clinical presentations, and laboratory investigations. The diagnostic criteria of DRESS syndrome are shown in Table 1 . Accordingto European Registry of Severe Cutaneous Adverse Reaction (RegiSCAR), acute rash, drug-related reaction, and hospitalization in combination with 3 of the 4 following criteria including (i) fever > 38 ˚C, (ii) lymphadenopathy involving at least 2 sites, (iii) at least 1 internal organ involvements e.g. liver, renal, and heart, and (iv) hematologic abnormalities (eosinophilia and lymphocytosis) are necessary for diagnosis. For Japanese Research Committee on Severe Cutaneous Adverse Reaction (J-SCAR), seven criteria are Heart failure (75%) and dyspnea (50%) Clinical course is typically indolent.
Acute pericarditis with slight pericardial effusion is a typical manifestation.
needed to diagnose typical DIHS, referred to as DRESS syndrome. The seven criteria include (i) maculopapular rash developing 3 weeks after starting causative drug, (ii) prolonged clinical symptoms after discontinuing the causative drug, (iii) fever > 38 ˚C, (iv) liver or other organ abnormalities, (v) leukocyte abnormalities, (vi) lymphadenopathy, and (vii) HHV-6 reactivation. [6] [7] [8] Our case had fever, a morbilliform rash, facial edema and eosinophilia after allopurinol usage which were compatible with the diagnosis of DRESS syndrome according to RegiSCAR criteria. 7 Eosinophilic infiltrations of myocardial tissue can lead to 3 stages of cardiac pathology: (1) an acute necrotic stage: clinical presentations range from asymptomatic (typically) to a fulminant course. Symptoms can occur immediately and up to 4 months after the appearance of rash and fever. 21, 22 Echocardiography is usually normal, although myocardial wall thickening may be found due to edema process. (2) a thrombotic stage: embolic phenomena such as strokes and ischaemic extremities can occur. Thrombi within the apices of the left ventricle or right ventricle or both can be identified by echocardiography.
14 (3) a fibrotic stage: patients may have left or right sided heart failure. At this stage, echocardiography may show restrictive cardiomyopathy or valvular regurgitation. 14 One can differentiate the acute stage into 2 forms, which are hypersensitivity myocarditis (acute eosinophilic myocarditis) and acute necrotizing eosinophilic myocarditis.
Hypersensitivity myocarditis is usually underdiagnosed as its clinical presentations can be various from asymptomatic to non-specific symptoms.
14 Moreover, it can be a self-limited condition after withdrawal of the offending drug and disappearance of immune activation. 21 Non-specific symptoms include tachycardia, low blood pressure, dyspnea, malaise, and chest pain. 14, 21 Acute necrotizing eosinophilic myocarditis is the more severe form and can be rapidly fatal. Patients can present with acute heart failure, cardiogenic shock, hypotension without any features of anaphylactic reaction, and chest pain. 21, 22 A review of 22 cases of DRESS-associated myocarditis by Bourgeois et al. showed that the most common presenting symptom was dyspnea (15/22), followed by tachycardia (13/22), hypotension (12/22) , and chest pain (10/22), respectively. 21 Median survival of patients with acute necrotizing eosinophilic myocarditis is approximately 3-4 days.
21
Diagnosis of cardiac involvement in DRESS syndrome
Several conditions that can cause eosinophilic infiltrations of endomyocardium and should be considered in the differential diagnosis. These include malignancies, hypereosinophilic syndrome (HES), eosinophilic granulomatosis with polyangiitis (Churg-Strauss syndrome), parasitic infections, and transplant rejections. Table 2 demonstrates prominent clinical features of DRESS-associated hypersensitivity myocarditis, HES, and Churg-Strauss syndrome. [23] [24] [25] Laboratory investigations such as bone marrow biopsy with tissue typing, serum anti-neutrophilic cytoplasmic antibodies (ANCA), serum myeloperoxidase -ANCA, and stool samples for parasites may be helpful to establish the diagnoses.
Due to a high mortality rate of cardiac involvement in DRESS syndrome, it is recommended to perform baseline cardiac screening tests such as ECG and echocardiography in all patients with DRESS syndrome. ECG may be unremarkable or shows sinus tachycardia, supraventricular tachycardia, non-specific ST segment, and T-wave changes. In acute stage, echocardiography probably demonstrates an increased left ventricular wall thickness due to interstitial myocardial edema. Thrombi may be identified within the apices of right or left 8 specialized in dermatology, cardiology, and cardiothoracic surgery. Treatment of acute eosinophilic myocarditis is aimed to rapidly lower eosinophil infiltrations in myocardial tissue and to suppress immune activation. 14, 20, 21 The early administration of systemic corticosteroids with a minimum dose of 1.0 mg/ kg/day of prednisolone or equivalent has been proposed to be a first-line treatment. Systemic corticosteroids can inhibit the degranulation of eosinophils and decrease a risk of myocardial necrosis. 14, 20, 21 However, the risks and benefits of systemic corticosteroids are still debatable. 14, [32] [33] [34] Generally, a significant ventricles in a thrombotic stage. A left ventricular dysfunction with wall motion abnormalities may be found.
14 Cardiac biomarkers include CK-MB, troponin T, and NT-proBNP, all of which should be investigated in patients who have cardiac symptoms. If the levels of CK-MB and troponin-T are not increased in patients who developed chest pain, acute coronary syndrome is less likely. An elevated NT-proBNP level is usually found in patients with acute dyspnea from cardiac origin rather than pulmonary cause. 26, 27 It is proposed that an increased NT-proBNP level is related to left ventricular dysfunction and can be used to assess long-term morbidity of myocarditis. 5, 26, 27 One has to consider that normal values vary by age, gender, improvement of symptoms can be found within several days after initiating steroid treatment. A relapse may occur if puberty, and body habitus. 28, 29 Cardiac magnetic resonance imaging with delayed enhancement sequences is very efficient to visualize focal endomyocardial lesions.
30 Figure 3 demonstrates our proposed algorithm to investigate cardiac involvement in DRESS syndrome. In our case, ECG and coronary angiogram results excluded acute myocardial infarction. Echocardiography and NT-proBNP level indicated left ventricular dysfunction. Based on the clinical setting and all laboratory results, systemic corticosteroid was initiated to treat as DRESS-associated myocarditis rather than doing endomyocardial biopsy.
Endomyocardial biopsy is a gold standard to identify cardiac pathology but it is an invasive and regretfully not very sensitive technique. Therefore, it has been done in a minority of patients or post-mortem. Histopathology of cardiac involvement in DRESS syndrome can reveal eosinophilic infiltration of the endocardial tissue and subendocardial interstitium. Myocardial necrosis and eosinophilic granulomas are sometimes found. 14, 21, 22, 31 
Treatment
Early diagnosis and withdrawal of the offending drug are the most important steps in management of DRESS. In case of cardiac involvement patients should be treated and monitored closely in an intensive care unit by multidisciplinary team corticosteroids are too rapidly reduced. Therefore, systemic corticosteroids should be gradually tapered over 3 to 6 months after clinical condition is stable. 21, [31] [32] [33] [34] [35] [36] A course of pulsed methylprednisolone, 30 mg/kg intravenously for 3 days, can be administered. An adjunctive high dose of intravenous immunoglobulin (IVIG) therapy is controversial and is not generally recommended, as the high-viscosity property of IVIG may rapidly deteriorate cardiac function in myocarditis. Accordingly, IVIG is not recommended to use as a monotherapy in DRESS syndrome or DRESS-associated myocarditis. 31, 38, 39 Plasmapheresis and immunosuppressive drugs such as azathioprine, mycophenolate mofetil, muromonab-CD3, cyclosporine, rituximab have been reported to be used as an adjunctive therapy for DRESS-associated myocarditis. 21, 31, 35 No report exist yet about the use anti-IL-5 antibody in DRESS with myocarditis (mepolizumab). Although both ventricles are typically affected and there is an increased risk of ventricular arrhythmias in DRESS-associated myocarditis, prophylaxis with anti-arrhythmic agents are not recommended. Alternatively, patients should be carefully monitored and treated immediately after developing arrhythmias. Supportive therapy such as fluid restriction, diuretics, angiotensin-converting enzyme inhibitor, and beta-blocker should be considered to prevent decompensated heart failure. Ventricular assist device implantation, intra-aortic balloon pumping, and extracorporeal membrane oxygenation support have been used successfully as a transitional device in cases of refractory heart failure, refractory hypotension and fulminant myocarditis.
21,22
Conclusions
Patients with DRESS syndrome should be carefully monitored or screened for eosinophilic myocarditis: signs of cardiac involvement in DRESS syndrome are elevation of cardiac biomarkers, changes of electrocardiography, changes in echocardiography such as thrombi and ventricular dysfunction. Some patients need cardiac magnetic resonance imaging and possibly cardiac biopsies to confirm the diagnosis. Multidisciplinary care is important for a successful treatment outcome.
